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Abstract 
Numeracy skill level of patients has great influence on their preferences and priorities for the treatment options concerning their 
healthcare. Not properly numeracy-assessed patients are prone to make inaccurate and inappropriate decisions for their medical 
treatments. There are many challenges that the researchers face in designing and developing patient-sensitive numeracy 
assessment methods. The adaptability of the numeracy assessment is considered to be one of the most important issues to 
address. In this paper we propose a goal-driven confidence-based model for patient numeracy assessment (C-PNA) adaptable to 
each individual patient. The model is empirically validated in a case study. 
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1. Introduction 
More recently, patients are highly involved in the decision making regarding their healthcare and treatments. 
However, it is essential for them to possess the numeracy skills needed to accurately comprehend the risks and 
benefits of their treatment options1. The health numeracy skill is described as “the capacity to access, process and 
understand basic health information and services needed to make appropriate health decisions” 2.The health 
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information includes numerical, quantitative, bio-statistical, and probabilistic health information and is grouped as 
basic, computational, analytical, and statistical literacy3. 
Numeracy has immense impact on patient preferences on the treatment options and if not dealt properly, may 
result in inaccurate and unreliable preferences4. The process of making decision about treatment options has to be 
specifically personalized and adapted for each individual patient so that they could readily understand and compare 
different treatment options5. 
To help patients in this regard, initially, we need to assess the numeracy skill of patients and only then we could 
present the information about the risks and benefits of their treatments in a comprehensible way to them. We need a 
computer assessment that adapts to each individual patient, covers the full sets of numeracy skills, uses the 
appropriate technology, and considers the deliberation of potential confounders such as confidence and test anxiety. 
Although exist several numeracy assessment measurements in healthcare, none seems to address the existing 
limitations such as confidence. Therefore, we proposed6 a new confidence-based adaptive testing model for the 
assessment of numeracy level of patients and we claim that it reduces patients’ burden without compromising the 
precision of the assessment. 
Our model for Patient Numeracy Assessment (C-PNA) is based on a conceptual model rooted in educational 
psychology domain. Strawderman7 suggests that there are four major dimensions which are involved with the 
development of math knowledge. Patients as human beings are involved with the affective variables with this 
development.  Learning, feelings, behavior and achievement are the four dimensions that are also applicable in our 
domain. Our C-PNA model includes (I) the dimension of learning with the two ranges understanding and rote, as 
parameter X1 along with Difficulty as its value.  (II) the dimension of feelings, with the two ranges anxiety and 
confidence, as parameter X2 with the value of Confidence Level, (III) the dimension of behavior with two ranges 
pursuit and avoidance as parameter X3 with the value of Pursuit Level and (IV) the dimension of achievement with 
the ranges success and failure, as parameter X4 with the value of Success. We formulate the relationship between 
health numeracy, emotions, and particularly math anxiety as: 
 learning(X1), feelings(X2), behavior(X3) => achievement(X4)                                                                                                    (1) 
In this paper we introduce a goal-driven model for patient numeracy assessment method, which covers issues 
related to numeracy and a set of questions that specifies each issue in a meaningful and quantifiable way. We 
empirically validate our model in a case study involving our confidence-based adaptive testing (C-PNA) model and 
a non-confidence based existing method.  Our experimental work proved that the new confidence-based adaptive 
testing model for the assessment of numeracy level of patients produces reliable results and suits patients better than 
the existing related work.  
The remaining of this paper is organized as follows. The proposed new goal-driven evaluation framework is 
explained in section 2. In section 3 we describe our empirical study which we conducted to evaluate the model. 
Section 4 summaries the related work. The contributions and future work directions are outlined in section 5.  
2. Goal-driven Approach to Modeling Patient Numeracy Assessment Quality 
A number of models and frameworks have been developed to support measurement processes based on goals. 
Basili and his colleagues developed the Goal Question Metrics (GQM) 8, 9, de facto standard 10, 11. The Goal 
Question (Indicator) Model (GQ(I)M) is an extension of the GQM approach, where the indicators are composed of a 
set of measures and provide a quantitative answer for the questions8. We apply the Goal Question (Indicator) Metric 
approach 10 for C-PNA model.  In GQ(I)M approach, which is a top-down approach, the overall goals of the entire 
organization, corporation, or a single project or group are identified (see Fig.1). With respect to the goals that are set 
up, some questions are generated. Then each question is analyzed in order to identify measurements (indicators and 
measures) that are needed to answer them. Indicators can be composed of multiple measures that provide 
quantification and an interpretation of the status of a designated aspect of the assessment. 
We explicitly defined our assessment goals and refined them into quantifiable questions and consequently, 
refined them into a set of indicators and measures for the data to be collected. The quantifiable questions and the 
related indicators will be used to help the tester achieve the assessment goals. In this way, we built up a patient 
numeracy assessment model that covers the issues related to numeracy and a set of questions that specifies each 
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issue in a meaningful and quantifiable way. Our aim is to design a patient numeracy assessment which is more 
accurate and reliable than the existing ones. 
Table 1 and Table 2 show the GQ(I)M definition for the Confidence-based Patient Numeracy Assessment Model. 
The goal, questions, sub-questions, indicators and the related measures are clearly defined based on our adapted 
GQ(I)M structure (as depicted in Fig.1). 
                                  
Fig. 1. (a) GQ(I)M Hierarchical Model12;(b)Our Adaptation of GQ(I)M 
      Table 1. GQ(I)M definition for Patient Numeracy Assessment 
Goal Acronym To Assess Numeracy Skill 
of  Patients 
Question QSc What is the numeracy level of the patient? 
Indicator MSc Aggregate Score 
Question QB What is the knowledge and confidence of patient in basic 
numeracy skill? 
Measure MB Basic knowledge confidence 
Question QC What is the knowledge and confidence of patient in 
computational numeracy skill? 
Measure MC Computational knowledge confidence 
Question QA What is the knowledge and confidence of patient in analytical 
numeracy skill? 
Measure MA Analytical knowledge confidence 
Question QS What is the knowledge and confidence of patient in statistical 
numeracy skill? 
Measure MS Statistical knowledge confidence 
Question QD How difficult are the questions? (What is the difficulty level 
of    each question?) 
Measure MD Level of difficulty 
Question QN How many questions are asked? 
Measure MN Number of Questions 
                   Table 2. Sub-questions for Patient Numeracy Assessment 
Goal Acronym To Assess Numeracy Skill of  Patients 
Sub-question QK.B Does the patient have the knowledge of basic numeracy? 
Measure MK.B Basic Numeracy knowledge 
Sub-question QK.C Does the patient have the knowledge of computational numeracy? 
a b
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Measure MK.C Computational Numeracy Knowledge 
Sub-question QK.A Does the patient have the knowledge of analytical numeracy? 
Measure MK.A Analytical Numeracy Knowledge 
Sub-question QK.S Does the patient have the knowledge of statistical numeracy? 
Measure MK.S Statistical Numeracy Knowledge 
Sub-question QCo.B What is the patient confidence in basic numeracy? 
Measure MCo.B Confidence in Basic Numeracy knowledge 
Sub-question QCo.C What is the patient confidence in computational numeracy? 
Measure MCo.C Confidence in Computational Numeracy Knowledge 
Sub-question QCo.A What is the patient confidence in analytical numeracy? 
Measure MCo.A Confidence in Analytical Numeracy Knowledge 
Sub-question QCo.S What is the patient confidence in statistical numeracy? 
Measure MCo.S Confidence in Statistical Numeracy Knowledge 
 
To measure the numeracy knowledge of patients, we need to assess their numeracy skills in basic, computational, 
statistical and analytical groups. The type groups basic, computational, analytical and statistical are consisted of sub-
groups. Specifically, the basic group is consisted of number recognition, fraction, decimal and sequencing. The 
computational group includes addition, subtraction, multiplication, division, conversion and comparison. The 
analytical group encompasses inference, estimation, percentage, and frequencies. Statistical literacy is concerned 
with an understanding of concepts such as chance and uncertainty12, sampling variability, margins of error, and 
randomization in clinical trials, and the ability to use such concepts to evaluate scientific information13. The GQ(I)M 
hierarchical model of C-PNA Model along with its sub-trees for knowledge and confidence in Numeracy are 
illustrated in Fig.2. We describe below how the data is interpreted based on GQM. Based on GQ(I)M, we defined 
measures MK.B, MCo.B for quantifying MB which is an indicator for the measurement of the knowledge and 
confidence of patients in basic numeracy skills, each measure answering questions QK.B and QCo.B. Likewise 
measures MK.C and MCo.C are defined for quantifying the indicator MC for assessing the computational numeracy 
skills, answering questions QK.C and QCo.C. The measures MK.A and MCo.A are used to calculate the indicator 
MA, answering QK.A and QCo.A. The measures MK.S and MCo.S are used to calculate the indicator MS, 
answering QK.S and QCo.S In turn, MK.B and MCo.B are measures that obtain their value from number 
recognition, fraction, decimal and sequencing questions, MK.C and MCo.C from addition, subtraction, 
multiplication, division, conversion and comparison questions, MK.A and MCo.A  from percentage recognition, 
basic graph and risk recognition questions and MK.S and MCo.S from probability comparison/conversion, 
proportion comparison/conversion and percentage comparison/ conversion questions. Fig.3 depicts the root tree of 
C-PNA model including all the indicators and measures shown in Fig.2. 
    
Fig. 2. Partial GQ(I)M Hierarchical Structure for Patient Numeracy Assessment Framework 
When MB, MC, MA and MS are each calculated for all questions with different difficulty levels, they are 
summed up  and applied to obtain an aggregate score which is an indicator of patient numeracy skill. Table 3 and 
Table 4 illustrate, respectively, the scale types of measures and indicators defined in our quality model. 
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                                                                                      Fig. 3. Root Tree of C-PNA Model 
 
               Table 3. Numeracy Skill Measures 
Measure Range of Values Measurement Method 
Scale 
Type 
Subjective 
or 
Objective 
MK.A 
 Correct or Incorrect Ranking 
Ordinal 
 Objective 
MK.B 
 Correct or Incorrect Ranking 
Ordinal 
 Objective 
MK.C 
 Correct or Incorrect Ranking 
Ordinal 
 Objective 
MK.S Correct or Incorrect Ranking Ordinal  Objective 
MCo.A 
 misinformed, uninformed, doubt, master Ranking Ordinal Objective 
MCo.B 
 misinformed, uninformed, doubt, master Ranking Ordinal Objective 
MCo.C 
 misinformed, uninformed, doubt, master Ranking Ordinal Objective 
MCo.S misinformed, uninformed, doubt, master Ranking Ordinal Objective 
MD 0-n Ranking Ordinal Subjective 
MN Non negative integer Counting Absolute Objective 
                                                                  
                                      Table 4. Numeracy Skill Objective Indicators 
            Indicator       Range of Values Measurement Function     Scale Type 
MSc 0..100 * Ratio 
MA 0,10,30,-100 Total MA=∑ MA  for MD Ordinal 
MB 0,10,30,-100 Total MB=∑ MB  for MD Ordinal 
MC 0,10,30,-100 Total MC=∑ MC  for MD Ordinal 
 
*: Total RawScore = Sum Total(MB,MC, MA, MS) 
130
))100((
∗
+∗
=
estionsnumberofQu
oretotalRawScestionsnumberofQu
coreAggregateS
 
3. Empirical Study 
In order for us to conduct an evaluation of C-PNA model, we need to know what kind of study is appropriate, and 
what are the key elements involved in designing and conducting empirical studies. Empirical studies are means to 
test the theory that is developed to explain a phenomenon and predict some consequences. They do not prove if a 
theory is true, but they provide further evidence to support or refute the theory. We discuss here, the type of study, 
study goals and hypotheses, threats to validity, and the use of human subjects in our empirical study. Our empirical 
study is a controlled experiment which investigates alternative ways to perform a specific job. We decide in advance 
what we want to investigate and how to obtain data for that investigation. There is a high level of control over the 
variables affecting the result and replication is also possible with low cost. 
Our goal is to prove that C-PNA is more accurate than the existing testing models. We investigate the accuracy of 
Patient numeracy Assessment by the same test takers, in order to measure the effects of applying the proposed 
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confidence-based model versus non-confidence-based one.  For our goal, we define a null hypothesis which is an 
assumption that the hypothesis is not true unless the evidence is very strong defined for the goal as stated below: 
 Hyp0: There is significant difference between the aggregate score of patient numeracy skill using a confidence 
based model and the aggregate score of the patient numeracy skill without using the model. 
Only if there is strong evidence that the null hypothesis is rejected, we evaluate the alternative hypothesis: 
 Hyp1: There is significant difference between the aggregate score of patient numeracy skill using a confidence 
based model and the aggregate score of the patient numeracy skill without using the model. 
3.1 Experimental Design 
In our controlled experiment, we selected at random ten adults from general public in downtown Montreal in 
winter 2011. The independent variables in the study are: Basic knowledge confidence (MB), Computational 
knowledge confidence (MC), Analytical knowledge confidence (MA), Statistical knowledge confidence (MS), 
Level of difficulty (MD) and Number of Questions (MN) of the two methods, one with the confidence-based model 
and one without the model for the numeracy assessment. The dependent variables are the aggregate scores (MSc) for 
both methods. To conduct the controlled experiment, there is a list of materials needed for the experiment: 
• Subjective Measures (Profile Information): General information is gathered by asking the test takers to fill 
out a profile form. This form includes information about username, age, gender, and education level. 
Question bank: A bank of numeracy questions is provided. Each question in the bank is representing a type 
of numeracy question and is assigned a difficulty level to. Our questions in item bank are classified based on 
the type. For example: if you consider the following questions: 
>You test your blood sugar 4 times a day. How many strips do you need to take with you on a 2-week 
vacation?      8 40 14 80 
It is a computational numeracy question  
>Your target blood sugar is between 60 and 120. Please choose the value below that is in the target range: 
  89 142 13 56 
It is a basic numeracy question.  
• Objective measures: The base measurements for each test taker for the two methods one with the 
confidence-based model and one without the model for the numeracy assessments are recorded. 
3.2 Test Environment  
We conducted the test for each one of the participants at a time. We asked them to do the assessment once using 
with confidence-based model and once without.  For this purpose, we designed a website and we went through the 
following steps to conduct the experiment: We welcomed and prepared the test takers for the experiment. We 
introduced the process and explained the purpose of the study and their role in the study.  We asked the test takers to 
go to the website and complete the profile Form. We explained the two assessment methods and we mentioned that 
the assessments are in question-and-answer format. We described how to record answers for each method on the 
system. We informed them that there is no time limit for completing the assessments. We administered one 
assessment at a time. We asked the test takers to complete the questions and record their answers after each 
assessment on the system. We also offered assistance for reading and understanding the instructions. We run each 
test on the website and we thanked the test takers for participating in our study and we obtained the results of both 
assessments from the system. Fig.4 depicts the structure our online numeracy assessment. 
 
 
Fig. 4. Structure of online Patient Numeracy Assessment System 
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3.3 Results of Empirical Study 
We tabulated the raw data for the empirical study in MS Excel for each of the test takers and we then, calculated 
the dependent variables for each test taker. Mean scores of participants are calculated and compared with the two 
methods: once with applying the confidence based model and once without applying the method as shown in Table 5. 
We ran a t-test in IBM SPSS Statistics 20 and we obtained the results summarized in Table 6 to Table 8 below. 
Table 5 shows the number of participants in each sample (N) and the means of each sample. To check for 
homogeneity of variances, the performed Leven’s test is illustrated in Table 6. Here, the value of Sig. is less than 
0.05 (significance level), so the assumption of equal variances is verified from Table 7 and Table 8. Table 7 
represents a p-value of 0.232, meaning that with the significance level of 0.25 the null hypothesis can be rejected. In 
other words, we can conclude that the means of two methods confidence-based and non-confidence based are 
statistically significant with confidence interval of 78%. Thus, the result of the work proves the hypothesis. 
 
Table 5. Results of application of two methods                          Table 6. Independent Sample Tests                       
 
Table 7. Independent Samples Test                                                                                
                    Table 8. Independent Sample Tests                                        
                                                                                                                                  
          
 
 
 
 
 
 
3.4 Discussion 
There are many ways in which a study can provide misleading results. Potential problems with empirical studies 
are classified in terms of categories of threats to validity14, including the following: 
• Conclusion validity: In our experiment, we had two primary purposes: to confirm a theory by applying 
paired Student t-test to our data, and to explore the relationships among datasets using correlation analysis to 
confirm whether or not there is a relationship between two attributes. By implementing this technique, we 
are generating measures of association that indicate the closeness of the behavior between the two variables. 
Thus, the conclusions of this research study are founded on an adequate analysis of the data. 
• Internal validity: The conclusions are drawn on the basis of direct manipulation of the independent variables. 
Thus the chance for confounding in this study is minimal.  
• External validity: The results are generalizable to other numeracy assessment methods.  
This empirical investigation validated the proposed method and clearly demonstrated its usefulness, providing 
details of the empirical study conducted with general public. The results of the formal empirical study revealed that 
our confidence-based numeracy assessment method led to improvements to the non-confidence assessment method.  
4. Related Work 
There are a number of methods for numeracy assessment namely, Schwartz, Lipkus, Vitalsign, REALM (Rapid 
Score of the 
Test Taker 
 Leven's Test 
for Equality of 
Variances 
    F        Sig.       
t-test for 
Equality of 
Means 
  t  
  Equal 
variances  
.037  .850  -1.237  
 
 assumed  
not assumed 
   
-1.237 
Score of the 
Test Taker  Type of Method  N  Mean  
Std. 
Deviation  
  Non confidence-
based 
10  48.10  20.229  
 
Confidence-based 10  59.40  20.609  
 
Score of the Test Taker 
t-test for Equality of 
Means 
dif.  
Sig.         Mean      Difference  
Equal variances assumed  18 .232 -11.300 
 not assumed  17.994 .232 -11.300 
Score of the Test Taker t-test for Equality of Means 
Std. Error  
Difference     Lower      Upper  
Equal variances assumed 9.132  -30.485  7.885  
not assumed 9.132  -30.486  7.886  
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Estimate of Adult Literacy in Medicine), WRAT-3(Wide Range Achievement Test), TOFHLA (Test of Functional 
Health Literacy in Adults), S-TOFHLA, (Shortened TOFHLA), MDIT (Medical Data Interpretation Test), and SNS 
(Subjective Numeracy Scale) 12. However, the existing numeracy methods have some limitations as15: (i) no method 
includes full set of skills and knowledge associated with health literacy, (ii) language, context, culture, 
communication and technology are not considered in the assessment and (iii) potential confounders such as test 
anxiety, distress due to illness or cognitive deficits secondary to disease are not taken into account.  
Our C-PNA model is a multi-dimensional adaptive numeracy assessment model adapts to each individual patient 
and addresses the limitations in which the assessment is conducted with the consideration of other confounders such 
as confidence and test anxiety. 
5. Conclusion and Future Work 
 In this paper we proposed a goal-driven confidence-based model of patient numeracy assessment adaptable 
to each individual patient. As stated in the introduction, we demonstrated that C-PNA model produces reliable 
results and suits patients better based on the empirical study we conducted. The research contribution lies on the 
novelty of the assessment model that adapts to each individual patient, covers the full sets of numeracy skills, and 
considers confidence. Our future work includes testing the model with different categories of patients within the 
hospital-ward domain.  We are currently developing a web-based /portal application to assess numeracy level which 
includes a database system and withholds information about the patients and results of the surveys. We will also 
extend the study in order to comprise the impacts of different technological factors such as format, framing and 
representation of information based on the numeracy level of patients. 
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